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F in n nF THE IN VENTION 

The present invention pertains generally to methods and systems for 
accomplishing hydrothermal treatment for the purposes o, either waste 
destruction, energy generation, or the product o, chem, a*. More 
specify, the present invention pertains to <^ n ^"*™"Z 
hydrothermal treatment of solids having organic constants. The present 
invention is particular but not exclusively, useful as a method and sy^rn 
for volatilizing a portion of a materia, and subsequently treating me vo,a.„,zed 
portion hydrothermally. 

pernor* inn OF THE INVENTION 

The present invention pertains to a process for converting materials at 
supercritical temperature and pressure conditions, or a, supercnt«=a 
temperatures and elevated, yet subcecal, pressures. Supercnfcal and 
subcritical are defined here with reference to the critical point of pure water. 
705°F and 218 atm. For example, U.S. Pat. No. 4.338,199, which issued on 
JU |y 6 1982 to Mod* discloses a hydrothermal process known as 
supercrKca, water oxidation (SCWO) because in some implementa ons 
oxLion in the aqueous/steam matrix occurs essentially ent,re,y at «,nd, 
supercrraca. in temperature and pressure. The SCWO process has been 
, shown to give rapid and complete oxidation of virtually any orgamc compound 
in a matter of seconds at 1000-1250°F and 250 atm. 

Under SCWO conditions, carbon and hydrogen form the oonvenhona 
combustion products CO, and H 2 0, while chlorinated "^ocarbonMCHC s 
aive rise to hydrochloric acid (HCI). If cations are avertable, they will react 
5 w the hydrochloric acid to form chloride saits. Alkaii may be in,en to na y 
Idded to L reactor to avoid high, corrosive concentrations o, hydrochlo c 
fc d n the reactor and especially in the cooldown equipment foiiowmg the 
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reactor. One advantage of the SCWO process is that the conversion of 
material can be accomplished without producing the environmentally harmful 
by-products that are produced when the same material is combusted in air. 
For example, the final product of sulfur oxidation in SCWO is sulfate anion, in 
5 contrast to normal combustion, wherein sulfur oxidation forms gaseous S0 2 . 
As in the case of chloride, alkali may be intentionally added to avoid high 
concentrations of sulfuric acid. Similarly, the SCWO product of phosphorus 
oxidation is phosphate anion. 

A hydrothermal process related to SCWO known as supercritical 
10 temperature water oxidation (STWO) can provide similar oxidation 
effectiveness for certain feedstocks but at lower pressure. This process has 
been described in U.S. Pat. No. 5,106,513 issued April 21 , 1992 to Hong, and 
utilizes temperatures in the range of 1200°F and pressures between 25 and 
218 atm. Like SCWO, the overall goal of the process may be waste 
1 5 destruction, energy generation, or production of chemicals. For convenience, 
the processes of SCWO and STWO will both be referred to herein as 
hydrothermal oxidation (HTO). 

A key advantage of the hydrothermal processes described above is the 
cleanliness of the liquid and gaseous effluents. In particular, the gaseous 
20 emissions are far cleaner than those obtained by the conventional practice of 
incineration. EPA's Maximum Achievable Control Technology (MACT) 
standards for hazardous waste incineration took effect on September 30, 
1999. Current operating facilities were given until March 31, 2003 to comply 
with the regulations. New facilities are required to comply with the new 
25 regulations at start-up. Table 1 shows that HTO emissions meet the MACT 
standards with little or no post-treatment, while incinerators require extensive 
emissions cleanup. 
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Table 1. Comparison of Incineration and HTO 
with Respect to M ACT/ Air Standards 



Type of Emissions 
in Effluent Gas 
Stream 



HTO Inherent 
Performance 
(with no gas cleanup 
devices) 
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A useful variation on the HTO process is .hat in which no oxidant^ 
sub-stoichiometric amount of oxidant, is added to the reactor. In th,s case 

hydrothermal processing (HTP). 

A conventional limitation of HTP has been ,.s app.,ca,on * 
The pressurized nature of the process typically requires that bulk so„ds be 
]1T« a f,ne particle size to allow pumping into a high pressure reactor. 
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Bom grinding and pumping can require specialty equipment, in particular^ 
Trent device ,s general required for different materiais such as wood, 
STort-* so ds. Once the materia, has been ground, introduction ,n,o 
a IsLed reactor usuaiiy requires siurrying the materia, a a h,gh 
conTn^on to minimize the size o, the HTP reactor and associated process 
Tq jpment Thus, expensive, high pressure sKmy pumps for v,scous streams 
required. Por other soiids such as metais, g^s or — 
suitable size-reduction for introduction into an HTP reactor 

~"7JZZ* -rdous waste is generated each year tha, cannot 
be placed in a typical landfill unless it is pre-treated. Among th,s hazardous 
I^I a large^amount of mixed waste consisting of 
that are" contaminated with hazardous constituents. The hazardous 
Indents in these mixed-waste streams are generally suitable for *ec 
Ceding into a HTP reactor if they can be firs, separated from the so , port™ 
J* waste stream. Once the hazardous constituent is extracted from he 
Td portion, the solid portion is generally considered non-hazardous and can 
be disposed of without further treatment in a conventional landffll. 

Examples of such mixed-wastes include solis, ,norgan,c adsorbents 
and other sis that are contaminated with hazardous organic or radioactive 
mateTals Another such mixed waste consists o, conventional and chemica 
11 s at we,, as munKion dunnage. Protective suits, munition bod,es and 
"en, contaminated with energies, bio,og,ca, or chemical wartar 
el is another mixed waste in which the solids portion cou, be d sp^d 
o convenUonally if the hazardous contamination was removed* d re ated 
Similarly PCB contaminated transformers, pestidde contaminated bags and 
iTners, and medical / biohazard waste such as contaminate neec^ a 
glass containers are all mixed wastes that could be disposed of efficiently by 
t separaflng the waste into hazardous and non-hazardous components. 

Another category o, waste that can pose difficulty for treatment by HTP 
„ a concentrated acid, base or sal, so,u«on contaminated «^ 
ma .erial. Treatment could be facilitated if the hazardous organic constituents 
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couid be separated (or HTP while .he residua, inorganic solution couid be 

hande r — , the organic to be treated may be a minor 

constant or contaminant, or it may confute a major por,,on of the 

treatment which is robust, simple, and economical. 



The present invent is directed to a system and mrthod or tre ng 
20 feedstocKs hat inciude iarge solid objects, dissolved or und,ssoWed , 

, Zl or slurries that contain organics that may be volat,l,zed. For the 

30 overall net reducing. 
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In accordance with the present invention, steam, water or oxidants can 
be introduced into the desorption chamber to aid in the voia.iiiza.ion process 
SpecKcally, these ma.eria,s can be introduced to serve as recants o 
JLized partiai oxidation and gasification reactions that ass,st ,n the ove a 
5 volatilization o. organic constituents. For the present ,nven.,on, ««. 
handiing equipment can be instaiied in the desorptio n chamber to m« he 
steam with me feedstock and thereby increase the rate of voia.,l,zat,on. When 
continuous feed systems are employed, the soiids handiing , e q u,pmen <*n 
aiso be utiiized to transport the feedstock ,rom the entrance to to. «t 
10 desorption chamber. Examples of solids handling equipment that can be 
ns aned within the desorption chamber .or use in conjunct with the pnssen 
invention include augers, rotary Kilns and drum or conta.ner breaching 

e<,Ui Tns!de the desorption chamber, several mechanisms can be employed 
1B that operate alone or in combined to heat. he feedstock. Sources of hea 
can induce .he use o, conventional hea«ng elements <o hea. .he w* - 
solids handling equipmen., me in.roduc«on o, heafed s.eam in.o he 
desorp.ion chamber, and .he hea. generated from any exo.herm,c reaCons 

that occur in the desorption chamber. foortatock is 

,0 From the desorption chamber, the volatile portion of .he feedstock ,s 

transferred «o a reactor for hydro.hermal ,ea.men., while toe 
or me feedstock is removed from .he desorp.ion chamber or d sposa 
Preferably, a .ransfer pipe is used .o esUblish fiuid cemmun,ca.,on between 
toe desoUn chamber and .he hydrotherma, reaCor .o thereby tester toe 
25 volatile portion of .he feedsfock .o .he hydro«herma, reactor. For toe presen 
ln«on. .he vo,a.i,e portion can be fed in.o a pipe reaCor, downflow reaCor 
or any other type of reactor suitable for hydrothermal treatment. 

,n the hydrothermal reactor, the volatile portion may be combined w,«h 
an excess (20-100%) of oxidant and auxiliary fuel (if required). 
30 between the volatile portion, oxidant and « fuel - ~ d * 
temperature between approximately 1000»F and approx.ma.ely 1800 F and a 
Assure o, between approximately 20 aUnospheres and ap P rox,ma.e,y 200 



6 



10 



4 



^tentatively, add,«on c ( oxidant to the hydrotherma, reactor may b e 
reduced or eliminated, to a„ow organic reforming reaCons «o occu . Reactor 
^perature and pressure condition are again mainta,ned at 1000-1800 
and 20-200 atmospheres. 
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The novel features of this invention, as well as the ,nvent,on,teelf. both 

,o Picture and its operation, will be best understood from the 
as to ,ts struct e ^ ^ acconnpany , ng 

rSn-Sll- — refer to simiiar par. and in 

Whi0h: Fi8 , ,s a schema* diagram of a system in accordance with the 
presently having a batch desorption chamber and a p,pe reactor, 

Fig . 2 is a schematic diagram o, a system in accordant, 
present invention having a congous desorption chamber and a vessel 

reactor. 



Referring to Pig. 1. a system in accordance v*th the P-e" -n, 
,s shown and generally designated 10. As shown ,n *gj , ° 

Por the present invention r J n ing fee ds,oc k and 

l^LZZ^TZJ, Specifically applicabie for the present 
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invention are feedstocks having a viscous component (i.e. a component such 
s a solid, slurry or sludge ma. is not readily processable d.rectly ,nto a 
nydrotherma, reactor). The feedstock 13 wil. also be ° 
partially or wholly composed of a volatile component that . hydrotherapy 
treatable. Although the volatile component will typically be organ,* ,« > to be 
appreciated that feedstocks having a volatile inorganic component that can be 
oxidized in the hydrotherma, reactor are also idea, candidates for the present 
nil *so suitabie for the present invention are feedstocks 13 having 
contaminated liquids with high dissolved Inorganic content such , - ^dense 
brines acids or bases. These liquid streams can cause problems when fed 
d reary into a hydrotherma, reactor due to excessive sait buildup or corros K ,ty 
h reactor. With the present invention, the organic constituents o, such 
streams may be volatilized at a relatively low temperature, where sal. bu.ldup 

or corrosion are not an issue. 

As shown in Fig. 1, the desorption chamber 12 can be covered w,h 
insulation 14 to allow retention of process heat. Additional desorptoon 
chambers 16 and 18, simiiar to the desorption chamber 12, can be provided 
to allow at ,eas. one desorption chamber 12, 16, or 18 to be on l,ne whrle the 
lers are being loaded and unioaded with feedstock 13. Heate. (n t 
shown) can be used to heat the feedstock 13 in the desorption chambers 12 
6 18 to facilitate volatilization o, a portion of the feedstock 13 at a typ- 
operating temperature of 300-1500'F. Alternatively, steam can be ,n. educed 
1 desorption chambers 12, 16, 16 to heat the feedstock 13 and fac, .a e 
volatilization o, a porUon of the feedstock 13. As shown, wate r ca be 
; withdrawn from tank 20 and raised to the system operatmg pressure of 20 
200 atm by high pressure pump 22. The pressurized water can be passed 
'high a regenerative heat exchanger 24, which heats the water by heat 
Ihatge wi* ho. reactor effluent from pipe reactor 26. Subsequent o the 
heat exchanger 24, additional heating o, .he steam may be accomplished ,n 
0 P : Ir 28 Preheat may be accomplished by an electrica, heater as s^wn 
"or preheater 28, by a fired heater, by a combination of these methods or by 
o, Liable means known in the art. The temperature of the steam leav,ng 
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tt,e prefer 28 is preferably in the range o, 300-1500'F. .to be 
appreciated that the temperature o, the feedstock 13 can be eleva^ by 
heaters in the desorption chambers 12, 16, 18, the steam from , pr eater 8, 
or the steam and heaters in combination. Further, for some 
5 the heaters in the desorption chambers 12, 16, 18 can be empioyed unng 
process startup and subsequently deactivated during steady 

During operation of the system 10, steam from the preheater 28 can be 
dir ected through one o, the vaives 30. 32 or 34 and into one 
chambers 12, 16 or 18 to voiatiiize a portion of **^*£?~Z 
l0 create a voiatiie portion and a residue portion of the fee stoc Ml The 
voiatile portion combines with the steam and exits a desorpt.cn chamber 12, 
6 o 1 into conduit 36 and flows toward pipe reactor 26. Add-on* 
hoL ,„ Fig. 1. steam from the preheater 28 can be caused to bypass the 
aesorption chambers 12, 16, 18 directiy through vaive 38 for use ,n the P ,pe 

" re3Ct The voiatiie portion of feedstock 13 can be oxidized or reformed in me 
pipe reactor 26. To carry out the oxidation reaction, liquid oxygen (LOX) can 
be s pptd from tank 40 and pressured by the high pressure cryogen.c 
pump 4 The pressurized Hquid can be vaporized in vaporizer 44 and *ep 
20 Zed o the reactor via ,ine 46. OpUonaiiy, some oxygen may be supped 
Z Resorption chambers 12, 16, and 18 via ,ine 48. in some cases, 
" en may improve the vocation of the organics and the ox,da ton 
: In can' supplement the heat needed for vocation in the deso^n 
chamber 12 16, 18. As shown, valves 50 and 52 can be used to spirt the 
25 ZZ ^en the desorption chamber 12, 16, 18 and the pipe reactor 2 6. 

Referring still to Fig. 1 , a supplementary fue, stream may be prov, ed 
to pipe reactor 26 to attain reactor temperatures sufficient for high destruction 
e^To. «ne volatile portion of the feedstocK 13. Generally. • 
"the steam with the volatile portion o, the feedstock ,3 . tow. 

30 rssitatingsupp—fuel. "^^XZSZZ 
he supplied from tank 54 and pumped to the pipe reactor 26 by N h p^ure 
pump 56. The fuel, oxidant, steam, and volatile port,on of feedstock 13 m,x 
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the head of the pipe reactor 26. Within the pipe reactor 26, temperatures as 
high as 1800°F are attained due to heat liberated by the oxidation reactions. 
Preferably, the temperature within the pipe reactor 26 is maintained between 
approximately 1000°F and approximately 1800°F and the pressure within the 
pipe reactor 26 is maintained between approximately 20 atmospheres and 
approximately 200 atmospheres. Feed rates of supplementary fuel, ox.dant, 
and steam may be varied to accommodate varying concentrations of the 
volatile portion of feedstock 13 that may be entering the pipe reactor 26. 
Residence time in the pipe reactor 26 is typically less than 30 seconds. 

The reaction in the pipe reactor 26 creates a hot effluent that ex,ts the 
pipe reactor 26 and is fed to a regenerative heat exchanger 24 for cool,ng^ 
The resulting cool, high pressure stream can then be separated into liquid and 
gaseous streams in a separator 58. Preferably, the gas and liqu,d are 
depressurized separately through valves 60 and 62, respectively. The use of 
separate depressurization of the gas and liquid streams helps to nmramrze 
erosion of the pressure letdown valves 60 and 62. 

The depressurized gas and liquid can be fed to a collection tank 64, as 
shown in Fig. 1 . From the collection tank 64, the gas is passed to atmosphere 
through line 66. If desired, a sampling port (not shown) can be installed ,n l.ne 
66 If required, a carbon Alter 68 can be installed in line 66 to remove any 
unoxidized organic material in the gas. The liquid from collection tank 64 may 
be sampled, released, or otherwise collected through line 70. 

Referring now to Fig. 2, an alternative embodiment of the present 
invention is shown. In this embodiment, contaminated feedstock 13, as 
; described above, can be fed into a lockhopper 72. The feedstock 13 can be 
added to lockhopper 72 as a single batch, or added In a conhnuous or 
semicontinuous fashion. Lockhopper valve 74 is provided to untermitte y 
introduce a portion of the feedstock 13 from the lockhopper 72 and ,n.o the 
head of the pressurized desorption chamber 76. It is to be apprecated that 
j lockhopper valve 74 operates as an airlock, allowing the pressure w,th,n the 
desorption chamber 76 to be maintained while feedstock 13 is introduced. 
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As shown in Fig. 2, an auger 78 can be installed in the desorption 
chamber 76 to move the feedstock 13 through the desorption chamber 76. 
The wall of the desorption chamber 76 and/or the auger 78 can be heated to 
elevate the temperature of the feedstock 13 to a temperature of between 
5 approximately 300°F and approximately 1500°F. Alternatively, a rotating 
drum (not shown) can be installed in the desorption chamber 76 to move and 
mix the feedstock 13 with the steam. For the present invention, it is 
contemplated that drums full of material may be used as a feedstock 13. In 
this case, a pusher-feeder (not shown) may be installed in the desorption 
10 chamber 76 for manipulating the drums or other similar containers. Further, 
the pressure applied in the desorption chamber 76 can be used to crush and 
rupture closed containers such as drums, thus allowing any contained 
material to be exposed within the desorption chamber 76 for volatilization. 
Likewise, the container contents may expand due to the temperature in the 
15 desorption chamber 76, causing container expansion and rupture and 
allowing exposure of the container contents. Alternatively, an .n-s.tu 
breaching device (not shown) may be installed within the feed lockhopper 72 
to expose the material in containers before insertion into the desorpt.on 
chamber 76. In this manner, volatiles can be released without overpressunng 
20 the closed container in the desorption chamber 76. This allows the shape of 
the container to be maintained while being transported through the desorpt.cn 
chamber 76. 

As shown in Fig. 2, the desorption chamber 76 can be covered with 
insulation 80 to help retain the elevated operating temperature. In the course 

25 of traversing the desorption chamber 76, the volatile portion of the feedstock 
13 (which generally consists of organic constituents and moisture) are 
volatilized due to the elevated operating temperature. The volatilization of the 
feedstock 13 results in a residue portion which is generally a viscous matenal 
such as a solid, sludge or slurry and a volatile portion. At the tail end of 

30 desorption chamber 76, the residue portion can be transferred into lockhopper 
82 Lockhopper valve 86 is provided to intermittently discharge the res.due 
portion into a collection drum 84. It is to be appreciated that lockhopper valve 
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86 can be constructed to operate as an airlock, allowing the pressure within 
desorption chamber 76 to be maintained during discharge of the residue 
portion. The volatile portion which generally consists of volatilized organics 
and moisture exits the desorption chamber 76 via line 88. 
5 Referring still to Fig. 2, steam can be introduced into the desorption 

chamber 76 to heat the feedstock 13 and facilitate desorption. As shown, 
water from tank 90 can be withdrawn and raised to the system operating 
pressure of between approximately 20 atmospheres and 200 atmospheres by 
high pressure pump 92. The pressurized water can be passed through 
10 preheater 94 and raised to a temperature between approximately 300°F and 
approximately 1500°F. Preheat may be accomplished by an electrical heater 
such as preheater 94, by a fired heater, by a combination of these methods, 
or by other suitable means known in the art. Preheater 94 is also used to 
heat the desorption chamber 76 during startup from a cold condition. 
1 5 During operation, steam from the preheater 94 can be directed through 

valve 96 and into the desorption chamber 76 for interaction with the feedstock 
13 As shown in Fig. 2, the feedstock 13 and steam are introduced at the 
same end of the desorption chamber 76 and subsequently flow within the 
desorption chamber 76 in the same direction (i.e. the feedstock 13 and steam 
20 are in co-current flow). In some implementations of the present invent.on, the 
steam and feedstocks 13 can be introduced at opposite ends of the 
desorption chamber 76 causing the feedstock 13 and steam to flow .n 
opposite directions (i.e., countercurrent flow). Countercurrent flow can result 
in the production of a cleaner residue portion for some feedstocks 13. 
25 Additionally, steam from the preheater 94 can be allowed to bypass the 
desorption chamber 76 through line 100 using valve 98. The bypass steam 
flowing through line 100 can be introduced into reactor 102 for use .n 
controlling the temperature within the reactor 102. 

Referring still to Fig. 2, a supplementary fuel stream may be provided 
30 for introduction into reactor 102 to attain reactor temperatures sufficient for 
high destruction efficiency of the volatilized organics in the volatile port.on of 
the feedstock 13. Generally, the heating value of the steam with the entra.ned 
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organlcs in line 88 is low. As shown in Fig. 2. supplementary fuel can be 
supplied from tank 104 and pumped to the reactor 102 by high pressure .pump 
106 From the pump 106, the supplementary fuel passes through l,ne 08 for 
mixture with the volatile portion of the feedstock 13 and steam from ne 88 
and the optional steam from line 100. The mixed stream enters l,ne 110 and 
proceeds toward the reactor 102. 

Regardless of whether the volatile portion of the feedstock 13 ,s to be 
completely oxidized or only reformed in vessel reactor 102. an oxidant may be 
required. For the present invention, the oxidant used can be oxygen as 
described above, air, enriched air or any other oxidant known in the pertmerrt 
art such as hydrogen peroxide. As shown in Fig. 2, ambient a,r can be 
compressed to high pressure using a high pressure alr compressor -1 2^ 
From the compressor 112, the air enters line 114 and proceeds toward the 
reactor 102. In addition, it is sometimes desirable to add alkali to the reactor 
102 to neutralize acidic constituents such as hydrogen chloride or sulfuric aad 
*at can be formed when organic material containing heteroatoms is ox,d,zed. 
F ,g 2 shows alkali supply tank 116, from which alkali such as sod.um 
hydroxide solution can be introduced to the process via high pressure pump 
118 From the pump 118, the alkali solution can be passed through In. 120, 
mixing with air from line 114 and the volatile portion of feedstock 13 / steam 
m Je from line 110. The mixed stream then enters the reader 10 via £ 
122 The order of mixing the various feeds to the reactor 102 can vary 
depending on feed, in some cases, the streams can be mixed before entenng 

the main reactor 102. 

, Feed rates of supplementary fuel, oxidant, and steam may be vaned o 

accommodate varying concentrations of organics or other oxidizable ma enals 
in the volatile portion of the feedstock 13 that is entenng the reactor 102. 
Alternatively, a control device such as a ho, valve (no. shown, may be 
Lrporated to regulate the flow of volatiies from the desorption chambe 7 6 

0 to the reactor 102 to aid steady reactor operation. In another embod,men, o 
he present invention, a control circuit (no, shown, can be used to vary e,the 
the temperature wi«hin me desorption chamber 76 or the feed rate ma, 
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feedstock 13 is introduced in the desorption chamber 76. Specifically, a 
control circuit can be employed to vary the heating rate or feed rate ,n 
response to the measured flow rate of volatiles entering the reactor 102. 

As shown in Fig. 2, the reactor 102 can be covered with insulator 124 
to help preserve the heat of reaction and achieve a high degree of oxidation. 
For the present invention, the reactor 102 may be of the type described ,n 
US Pat No 6,054,057 to Hazlebeck, et al., entitled -Downflow Hydrothermal 
Oxidation," and which is assigned to the same assignee as the present 
invention. As described in the '057 patent, it is sometimes des.rable to 
introduce a quench stream a. the bottom of the reactor 102 to cool the 
reaction stream and dissolve any salts that may have formed in the reactor 
102 in Fig 2, quench water can be supplied to the reactor 102 from tank 126 
via high pressure pump 128 and line 130. For the present invention, a 
scraper device (not shown) can be installed in the reactor 102 to negate 
deposition of solids on the inner wall of the reactor 102. Alternately a 
mechanical device such as an auger (not shown) can be installed ,n the 
reactor 102 to aid solids removal from the reactor 102. 

,n operation, the heat created by the oxidation reaction is often 
sufficient to maintain the temperature in the reactor 102 at the des.red 
operation level, which is between approximately 1000'F and approximately 
1800-F The feed rates into and out of the reactor 102 can be adjusted to 
obtain a desired residence time in the reactor 102 which is typically less than 
30 seconds. In the reactor 102, the intimate gas-liquid contact ensures tha 
emissions of particulates, acid gases and metals are within the most stnngent 
; environmental regulations. Because of the rapid interna, thermal quencK 
dioxins, difurans and other typical byproducts of conventona, waste ox,da ton 
are not formed in the weli-mixed HTO reactor. The feed rates and opera,ng 
conditions in the reactor 102 can be adjusted to completely oxidize the volaWe 
portion of the feedstock 13 or reform it into a fce, gas or synthesis gas. Fo 
0 reformation, substolchiometric or no oxygen is added to the feedstock 13 a 
the reactor 102, allowing the organics to reform. Operating pressures for 
gasification are similar to those used for complete oxidation, however, 
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preferred gasification temperatures can range somewhat higher than those 
used for oxidation, for example as high as 1800°F. 

As shown in Fig. 2, a heat exchanger 132 is provided to cool the 
effluent exiting the reactor 102 through line 131. Although a quench stream .s 
5 preferably used in the reactor 102, the quenched effluent may still ex.t the 
reactor 102 at a temperature of approximately 500°F. The cool, high pressure 
stream that exits from the heat exchanger 132 is forwarded to a separator 134 
for separation into liquid and gaseous streams. The gas and liquid streams 
are depressurized separately through valves 136 and 138, respectively. This 
10 technique of separate depressurization of the gas and liquid streams helps to 
minimize erosion of the pressure letdown valves 136 and 138. 

As shown in Fig. 2, the depressurized gas and liquid streams proceed 
from the letdown valves 136, 138 and into a collection tank 140. From the 
* collection tank 140, the gas fraction passes through line 142, and may be 

1 15 sampled if desired. An optional carbon filter 144 can be provided in l.ne 142 
t to remove unoxidized organic material, if required. Optionally, a mechan.sm 

5 (not shown) for removing and liquefying carbon dioxide from the gas can be 

installed in line 142 to reduce greenhouse gas emissions. The l.qu.d from 
°- collection tank 140 may be sampled, released, or otherwise collected through 

S 20 line 146. If required, a mechanism (not shown) for polishing the liquid effluent 
S can be installed in line 146 to remove dissolved or particulate metals. 

E As an alternative to the designs shown in Figs. 1 and 2, it is also 

possible to use a single pressure vessel with two zones, one zone for 
volatilization and a second for oxidation or reforming. For example, a 
25 container having a screened opening can be used to hold the feedstock. The 
container can be placed inside a pressure vessel. Vo.ati.es re.eased from the 
container can be oxidized or reformed in the remaining portion of the pressure 
vessel 

While the particular devices and methods as herein shown and 
30 disclosed in detail are fully capable of obtaining the objects and provid.ng the 
advantages herein before stated, it is to be understood that they are merely 
illustrative of the presently preferred embodiments of the invention and that no 
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limitations are intended to the details of construction or design herein shown 
other than as described in the appended claims. 
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